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ABSTRACT

11 is our belief that ncw modes of rescarch and ncw tools will be required to handle massive amount of diverse data that is to
be stored, organized, accessed, distributed, visualized, and analyze. The fundamental innovation required is the integration of
three automation technologies, videlicet knowledge-based expert systems, scicnce visualization and science data
management, ‘1bis integration is based on a concept called the Datatlub. In order to prove the concept, a series of software
prototypes arc being implemented. Based on user comments Datal [ub is continually changing. The current changesin
philosophy and design arc described here. In keeping with the Datal Iub philosophy of insulating the user from the
underlying details of data formatting and computer architcctures, two major changes have been made 10 the Datal lub/X
Windows interface. Additionally, because of the drawbacks of the. current implementation in label/file recognition, an expert
system implementation iS being investigated. Finally, short and long term design and implementation issues arc discussed.

1.0 BACKGROUND AND REQUIREMENTS

Today, after determining the existence of data, it is difficult, if not impossible, to get this data into existing tools for
visualization and analysis] This difficulty is generally the result of (1) incompatible data formats and the lack of available
data fillers; (2) the lack of true integration between the visualization and analysis tools and the data archive system(s); (3)
incompatible and/or NON-C -existent metadata; and (4) the exposure of the scientisttothe complexities of networking. 1hesc
problems as cxemplificd by the current data systems will be further multiplied by the avalanche of data from future NASA
missions?» 3. It is our belief thatnew modes of research and new tools will be required to handle massive amount of diverse
data that is to be stored, organized, accessed, distributed, visualized, and analyzcd4' 5

The areas of most immediate need arc: (1) science data management; (2) scientific. visualization and analysis; (3) interactions
in adistributed, heterogencous environment; and (4) knowledge-basc,d assistance for these functions. The fundamental
innovation required is the integration of three automation technologics, videlicet knowledge-based expert systems, science
visual ization and scicnce data management. This integration is based On a concept called the DataHub.

With the DataHub, investigators Will be abie, 10 apply a complete solution © all nodes Of a distributed system, Both
computational nodes and interactive nodes willbe able 10 ¢ ffectivel y and efficientl y USC the data services (access, retricval,

update, etc.) in a distributed, inter- disciplinary information systemina uniform andstandardway. This will enable the
investigators to concentrate on their scientific endcavors, rather thanto involve themselves intheintricate technical details of

the. systems and tools required to accomplish their work. “1’bus, investigators need not be programmers. Jn our initial

prototypes, WC arc not addressing the complete networked solution, but the issues associated data management, data
conversion, and data analysis within the morelimited environment of networked, heterogencous, workstations,
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In scientific data models, Datallub will address data driven analysis, data transformations among formals, data semantics
preservation and derivation, and capture of analysis-related knowledge about the data. Expert systems are. being investigated
that provide intelligent assistant system(s) with some knowledge of data management and analysis built-in and eventually
incorporation of mature expert system technology to aid exploratory data analysis, i.e., neura nets, classification systems.
Additiondly, it is a goal to investigate the capture and encoding of knowledge about the data and their associated processes.
Maybe of most importance, in data analysis, the Datal lub will provide data management services to exploratory data analysis

applications, i .., LinkWindsC, an cxploratory data analysis cavironment

2,0 DESIGN

1igure 1 depicts the functional architecture for the Datallub,  The major functions of the Dataliub arc to provide (1) an
interaclive user interface; (2) a command-based query interface; (3) aset of data manipulation methods; (4) a metadata
manager; and (5) an underlying science data model. The interactive user interface, basic data operators and a data
interchange interface with LinkWinds have been implemented in the first prototype.
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Figure 1-- Yunctional Architecture

Of particular note is the emerging relationship with LinkWinds. Asillustrated in Figure 1, LinkWinds is providing two
functions: (1) avisual data exploration or analysis environment; and (2) visual browsing and subsciling services.

"The command -based query interface iS designed for the data visual ization system to issue data management commands to the
DataHub. The data manipulation methods provide the data selection, subsctting, conversion, transformation, and updates for
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science data. The metadata manager captures the necessary knowledge about science data. Finally, the science data model
supports the underlying objcc[-oriented representation and across methods,

in order to prove the concept, a series of software prototypes arc being implemented. The architecture of the software
implementation iS depicled in Figure 2. A layered architecture has been adopted for the implementation, which implies that
any layer can be changed and/or replaced without affecting other layers. Thetop layer is the external interface that links to
the human users via an interactive interface and the visualization system via a connection interface. The datamodel is
implemented in the intelligent data management layer.  7The physical data access functions arc built in the data interface
layer.
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Figure 2-- Software Architccture
3.0 IMPLEMENTATION UPDATE

3. JUSER INTHRVACE AND INTERACTIONS CHANGES

in keeping with the Datatub philosophy of insulating the user from the underlying details of data formatting and compute.r
architectures, two major changes were made to the Datal lub/X Windows interface. The first change deals with the user’s
graphical interface to Datallub, and the sccond increases the user’s ability to enhance and modify Datallub's environment
without requiring changes to Batal lub source code.

Previous versions of DataHub, ¢.g., versions prior to 0.5, required the user (o interact with the program in a procedural
manner. This interface, as depicted in Figure 3 provided the necessary control Of Datatlub, and in some ways achieved its
goal of "hand-holdin g" a beginninig user through a necessarily complex sequence of parameter choices. The user would, in
scq uenti a order:

(1) Specify an input data type.

(2) Sclect aninput data file from a set of files with the specificd datatype.
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(3) Select an output file name.
(4) Specify parameters for the data conversion.
(5) Initiate the conversion,

Figure 3 -- Previous User Interface

Though facilitics existed for modifying previously made choices, this interface constrained the experienced user to a fairly
rigid interaction with the DatalJub. ironically, it also proveddifficult for some beginning users because it presented a terse
facade upon program invocation.

Keeping inmind comments received from groups of users, the interface was rc-designed.  This ncw design was imipl ementad
according o anon-sequenitial, non-procedural philosophy. The user can now sct up the details of data conversion in the any
order desired , and initiate the conversion when ready.  The basic interface appears in Figure 4.

Several things arc immediately apparent,  First, this interface presents the user with alt top-level choices immediately. A
novice user can browse the menu, visually locating items that refate to his expectatio ns of the program. Second, although the
user is free 10 select any menu item at any time, the overal layout of the interface suggests (but does not mandate) a
canonical sequence of interactions. This sequence follows an arc suggested by human factors research, from the upper left
corner of the screen, across and down 10 the lower right, 1.ess frequently used menu items are placed out of the way in the
lower left corner. Interestingly, as will be described in the discussion Of X resource file customization below, the interface
can be casily modificd to present @ right-o- left flow, and (ext translated into other languages, for users from non-Western
cultures.

Twaimportant facem of this design change to Datatlub arc less obvious.  The first concerns aside.-benc,fif of Datatlub's use
of the industry- standard X Window System and Motif widget sct. Despite the fact that this new inter face is radical ly different
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from the previous row., only afairly small percentape of the Datallub code was re-written o achicve these changes. This iS
duc 1o the fact that the X “callback” programming model of message-passing largely insulates underl ying, code from the user
interface that invokes the code.

Figure 4 -- Current Datal fub Interface

Additionally, itisvery difficult 10 sec from static pictures oOf the interface some. of the "behind-the-scenes” work thatthe
program docs in order to present an easy 10 use interface. Consider the roiowing typicalinteraction with Datal tub: The user
fir st selects a desin ed input data type as illustrated by Figure 5.

When the use.] clicks on the "Input File” name area, the user is presented witlr a directory listing of files of thistype as
depicted by Figure 6

Note thattables mapping data types 10 desired dircctorics arc, user-customizable, as described below. 1 lowever, Datatlub
dotsnot force the user into any correspondence between the input file. and directory, and the data type. }l¢.cause the Motif
"Vile Selection Box" allows traversal to other directorics, and any kind of data file. may have beeninadvertently stored in any
director y, DataHub (toes a preliminary scan of the file. when the. user accepts a file name. with the. “OK” button. If
knowledge-based analysis 1001s in Datallub determine the file is of adifferentiype than specified, the user isinformed of this
fact by an unobtrusive change of the Data Type button.  If the file type is of indcterminate, the. user is notificd of this asan
crrorcondition,

Although not fully implemented, sce section 3.2, D ATASET IDENTIFICATION E XPER'T, this knowledge of the file type
will cause. Datalub to upf.late all other menu areas by modify and “inscositizing” (i.€., making the menuitemnot selectable
by the user ) operations that have incorrect semantics for the cunient data type. “1'elm])” menus to specify spatial, temporal,
and band subsctting of the data, and subsample and averaging oper ations, may be sclected as desired and appropr iate.

Output tire sclection is provided with similar context-sensi tive guidance. ‘The user may change the parameiers ot the
conversion, convertthe input data, browse the results of previous convessions, or send the data to display programs such as
1 inkWinds.
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Data }ub also allows multiple conversions to be specified simultancously. An option in the lower-left corner of the intet face
allows the "cloninig™ of another Datallub interface. Inthis way, multiple interactions with siimilar parameterizations may
appear onthe screen at the same time, allowing casy cross- reference.

Figure S -- Data Type Menu

Figure 6 -- File Sclection Box

Although not strictly mandatory, most X Windows applications require. a "yesource file” to store user preferences for the
appearance and use of the program. A nepative side-cffec[ of thisis that it complicates the installation and administration Of
the program, but these cffects are minor, managceable, and far outweighed by the benefits this method provides.
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As discussed previously, large portions of the DataHub interface arc specified in the resource file, and the layout and
appearance of the program can be radically changed without modifying the underlying source code. Colors, text, and
geometric positioning Of the clements Of the interface can all be changed.

These capabilities of the X Window System and the Motif widget set arc built on top of a general purposc database engine
called the X Resource Manager'$: 9 “°Given the existence of this capability, the decision was made to storc other
Datal lab configuration data in the X Resource file.

Note that, in many ways, thisis an interim solution. Previous versions of Datallub had this kind of data hard-coded into the
application itself, and any changes required the services of the DataHub development team. By the same token, future
cnhancements to Datallub will provide a graphical interface to these configuration and data definition facilitics, providing
users with no computer experience at al access to the capabilities.

The current version of DatatHub store.s information such defaults for conversions of the various datatypes in the resource file.
The resource fileis aplain, ASClI-text file, and may be modified with any editor program of the user’s choice. For instance,
asection of the resource file describes parameters for the conversion of MCSST datafiles. This portion of the resource file is
illustrated in Table 1. Other data types arc described similarly; all may be modified by the user,

*MCSST.typel abel: MCSST
*MCSST.datatype: DSP_ MCSST
*MCSST .directory: lestData/messt.orig
*MCSST.xMax: 2047
*MCSST.xMin: 0
*MCSST.yMax: 1023
*MCSST.yMin: 0

*MCSST.x L: 0
*MCSST.yl: 0
*MCSST.x2: 2047
*MCSST.y2: 102.3
*MCSST.numOfBands: 0

* MCSST.temporal SclectionSelected: True
YMCSST.numOf Temporal Intervals: 1

* MCSST.numOfTemporal IntervalsSclected: 1
*MCSST.numOfYears: 12
*MCSST.numOf Y earsSclected: 0

Table 1-- MCSST Data Type Resource Entry

A more interesting example isthat of region definitions. Users have noted that they frequently look at specific spatial subsets
of their data, and have requested easy access to these areas. ‘Ibisis specified through the Datat lub “Spatial Select ion” menu,
Figure 7

The user can specify a mnemonic name and coordinates for any number of such regions. The section of the. resource file that
describes the regions 10oks like Table 2
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Figure 7-- Spatial Selection Popup and Region Definitions

*defaultRegions: NorthAtlantic\

NorthEastAtlantic\

SouthAtlantic\

Aguthas\

IndianOcean\

NorthWestPacili o\

NorthEastPacific\

SouthWestPacifi\

South¥astPacific
I Region 121 Begin Lat End Long Begin Long End
* NorthAtlantic: 72.5097 -17.3144 261,8261 351.6504
*NorthEastAtlantic: 72.5097 -17.3144 313.5058 43.3300
*South Atlantic: 23.2910 -66.5332 290.6543 20.4785
*Agulhas: 23.2910 -06.5332 335.6543 65.4785
*IndianOccan: 30.3222. -59.5019 31.9043 12.1.7285
*NorthWestPacific: 68.9941 -20.8300 11S.2' 246 205.0488
*NorthEastPaci fic: 68.9941 -20.8300 171.4746 2612988
*SouthWestPacific: ?.3.2910 -66.5332 111.0058 900.8300
*SouthEas(Paci fic: ?.3.2910 -66.533?, 201.0058 290.8301

Table 2-- Regions Definitions Resources

3.2 DATASETIDENTIHICATION EX PER'

When a datasct is sclected by a user, DataHub will try to indeper idently confirm the type of this datasct before any data
conversion operation is performed. The way a dataset type is determined in the current prototype is proof by refutation, We
try to prove that a datasct type is false based on some simple heuristics and go ou to another type until we cannot prove it 1o
bc.false. At that point, we determine that a dataset has to be of certain type, again using some simple heuristics to help the
decision, and draw a conclusion. This approach is based on the assumption of a closed world of dataset types. If a datasct is
not of type-a and type-b and type-c, it has 10 be of type-d, where type-d could be the unknown type. 10 an open world, it
could be of type-c or type-for . . .
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The drawback of this approach is that whenever we have ancw dataset type, the proof sequence in the dataset type scanning
routine has 10 be rechecked and in some instances be redone.  This is because the simple heuristics we usc to help
determining Or rejecting adataset type may sometimes fail to differentiate between an existing type and the newly added
type. In order to tell the difference among all the, possible datatypes in a sequential process, both the scquence of the
cxecution and the decision rules to guide the process have to be checked and changed when a ncw type is added.

Because of the drawbacks of the current implementation, an expert system implementation is being investigated. As depicted
in Figure 8 arnle-based engine will select and execute rules, that arc predefined based on a priori knowledge about different
datasets. Mgjor sources for the a priori knowledge come from existing data dictionaries built in diffc.rent science data
communitics, e.g., the Planetary Data System (PDS) Catalog. Since CI1.1PS' has been used for the metadata manager of
Datallub, CLIPS will bc used here as the rrric-based engine. Therefore, the rales will be forward-chaining rules of
"conditions->actions" pairs. When the conditions arc satisfied, the actions will bc executed.

Independent 4 Rule-based
Decision Rules Inference
Clips Defrules Engine
— T Clips
Rule Selection
Rule Execution
Dataset \ J
Label/Header
Routines Datascts

C L —_

Figurc 8-- Rrric-based Checking Of Dataset Types

Within each rule, externa C functions will bc invoked to check the actual dataset header tosec if certain Conditions arc met.
The conditions arc mainly based on the information stored in the datasct header. On the basis of the expericnce wc have, the
datasct header can be keyword-based ASCII text, which we refer to as label, or binary data structures define.d by the data
generator. in the current prototype, We have knowledge about

- VICAR P’ |abeled datasets, which arc used in AVIRIS, Planctary Data S ystem (PDS) Magellan, PS Voyager, and

PDS Mars Digital Image Model (MDIM) datasets,

.netCDI 3. 141aneled datasets,

.DSP labeled datasets, which is used for Oceanography datascts published by the University of Miami,

. 1IDElabeled datasets and

.CD¥16 |abeled datascts.

The heuristics for determining the type of a dataset with ASCII label iS simpler compared to the onc with binary header. For
adatasct with ASCII label, we need to cxamine the keywords and the corresponding value. of each keyword, and then
determine if the values tells us enough about the dataset. If not, we check more. keyword-value pairs before we make a
decision. The critical knowledge required for this decision making process is the required set of keywords and values for
different dataset types. As discussed previously , the keyword/value knowledge could come from existing data dictionaries
built in different science data communitics, A data dictionary gives canonical description of datascts and the dataitems
within datasets. The description of a datasct could include the structure Of the dataset and the ancillary information needed to
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usc the dataset. The dataitem definition include data type and the validity constraint. A data dictionary can be treated as a
repository Of factual knowledge about the datasets and the data items within the datasets.

The dictionaries built in different scicnce communities carry discipline knowledge that is extremely valuable for accessing
the particular kind of datasets. Therefore, the rules defined in C1.1PS will aso usc dictionary access rout incs to retricve the
canonical knowledge stored in different science data dictionarics. The keyword/value pairs needed for identifying datascts
need only be collected once from either the data dictionary or a human expert and be stored permanently into Datal lub's
persistent knowledge base, This implics that the definitions for Datal Iub's dataClass and dataFormat will have to be
cenhanced to accommodate the ncw data definitions assimilated.

A dataset with a binary header poses some uncertainty in the decision making process, because abinary field can be
interpreted in many ways. Even if wc add some validity checks to the interpretation and the binary field passes all the
validity checks, thereis still a chance that the binary field is just part of some other binary structure and happens to meet the
congtraints, An example rule for checking a datasct with binary header looks like:

If the datasct has a binary header,

and the header looks like a HD¥ Datasct header,

and the header dots not look like a 1DSP Dataset header,

and the. header dots not look like aVoyager Compressed Dataset header,
Then

The type of this datasct should be HDF.

The negative checks, i.e., 1o check that the header dots not look like certain headers could be computationally intensive, for
the set of condition becomes an exhaustive set and requires update when a ncw dataset type is added. On the other hand, if
wc do not usc the negative checks, the positive check could be faulty because of the inherent uncertainty. This will have to
be a design decision When it comes down to real implementation,

This ncw way of implementation should be clean and easy to maintain, Onc significant drawback continues in that it is
fundamentally the same approach of proof by refutation with the closed world assumption, except with these two advantages.
First, it allows us to update the decision heuristics easily and therefore allowing more sophisticated checking of datasct types
as wc learn more about each dataset. Second, the decision making process is executed in an opportunistic manner as opposed
to the deterministic manner of the current implementation.

FUTURE DIRECTIONS AND WORK

The recent presentation and implementation changes were based on comments from our users. Immediate plans arc to
continue to enhance and expand this prototype while continuously recciving comments from the USEr community.

Issucs for the short term include:
.Datahlub provided interaction to modify and update runtime resources,
.abatallub journal and transaction manager,
.amore general datamodel for user-dcfinc,d data and conversion,
.expert system for datasct type checking, and
.capturing and utilizing user preferences.

long term reset anti implementation issues include:
. adistributed Datal lub;
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.contex[-based and content based data search capability;
.quality control and "corporate” memory of the conversion of input data points to output data points; and
.amore, general search path and browsing mechan ism,
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